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Abstract. Due to a shortage of wood source fibre in paper making industry's interest to agriculture 
residues fibre as a potential fibre sources in this industry. In this situation, importance has been 
developing in the paper industry from agriculture residue that will replace the wood fibre. Cocoa pod 
husk and Corn stalk are agriculture residues, which is good materials for paper production. The 
objectives of this study are to investigate the chemical characterization and surface morphology 
structure of these materials. The main components of materials which are cellulose, hemicellulose, 
lignin and ash content were parameters that involved in determination of chemical characterization in 
this study. The determination of chemical composition was accordance to Kurshner-Hofher 
approach (cellulose), Chlorine Method (hemicellulose), T 222 om-06 (lignin) and T 2 1 1 om-07 (ash 
content). Scanning electron microscopy was used to observe the surface structure of materials. From 
results obtained, corn stalk shows the higher amount in cellulose (39%) and hemicellulose (42%) 
content compared to the cocoa pod husk. In addition, lower lignin content also obtained in Corn stalk 
(7.3%) rather than that Cocoa pod husk (14.7%). From Scanning electron microscopy images, Corn 
stalk and Cocoa pod husk contained abundance lignocellulosic and rough surface structure due to the 
untreated materials. The result either chemical characterization or surface morphology that obtained 
in Corn stalk and Cocoa pod husk fibre wastes can be used successfully as an alternative fibres 
sources in papermaking application. 
Introduction 
Nowadays, agriculture residues play important raw materials in many countries which are China and 
India include Malaysia. Malaysia interest to agriculture residues as alternative fibre sources in paper 
making due to the decreasing of wood sources. At presents some agriculture such as wheat [ l ]  and 
rice [2] straws, sorghum [3] tobacco [4] stalk and banana stem [5] are used as raw materials for paper 
production in sufficient countries of wood. In addition, abundant lignocellulosic fibre resources such 
as Canola stalk [6], residue fiom sunflower stalks [7], Tunisia Alfa stems [8] or fast growing-high 
yields crops such as kenaf [9] have been proposed by several authors for pulp and paper production. 
Normally, agriculture is an important sector in Malaysia. Traditionally, agricultural materials have 
been shipped away for processing or disposed of post-harvest. Diversification of the industry is 
crucial in encouraging economic stability and growth. Value-added processing would helps in 
agricultural diversification. Cocoa pod husk and corn stalks are a waste product from agricultural 
residues and their fibre can be obtained for industrial purposes such as pulp and paper industry 
without any additional cost. 
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Cocoa (Theobroma cacao L.) fruits are an important commodity in Malaysia because of the 
economic value of its seeds or beans to produce the important products which are cocoa powder, 
cocoa butter and chocolate. After processing of cocoa fruits was generated large amounts of cocoa 
pod husk discard as wastes [lo]. Cocoa pod husk represents between 70 to 75% of the whole cocoa 
h i t  weight where each ton of cocoa fruit will produce between 700 to 750 kg of cocoa waste [I  11. 
Malaysia, the plantation of cocoa is over 20,643 hectares in 2010 [12]. Hence, it can be concluded 
that at least 323,239 to 346,327 kg of cocoa pod husk is generated after cocoa processing. 
Conventionally, these organic wastes have been shipped away for processing or disposed to landfill. 
These large quantities of cassava peel and cocoa pod husk could yield to a large quantity of 
lignocellulosic materials suitable as alternative resources especially in paper making industries. 
Besides that, Corn ( Zea mays ) plants are included in Poaceae family. In Malaysia, with large area 
of plantation of corn plant with around 8,600 Ha in 2010 [13] and it generates large quantities of corn 
stalk discard as wastes. The corn stalk residues produced after harvesting season is an 
environmentally friendly source for the production of cellulosic fibres. The explosive development of 
plantation in this country has generated massive amounts of cassava peels where these waste 
materials create great environmental problems [14]. 
Moreover, studies have been performed to introduce new lignocellulosic fibre resources for pulp 
and paper industries. Therefore, in this study the morphological properties and chemical composition 
of corn stalk and cocoa pod husk were investigated to evaluate the potential of utilization of these 
agriculture residues fibres in the pulp and paper industry. 
Materials and Methods 
Raw material. Cocoa pod husk and corn stalks were collected from Batu Pahat and Pontian, Johor 
respectively. Before air-dried for 3 days, these waste samples were cut into 2-5 cm and thoroughly 
washed to eliminate and other particle contaminants. Then, the dried samples were ground to 0.40 
mm and stored in a tight bottle for fur chemical and morphological analyses. 
Characterization of raw materials. Chemical compositions of cocoa pod husk and corn stalks were 
performed according to the Technical Association of the Pulp and Paper Industry (TAPPI) Test 
Method, Kurscher-Hoffher approach and Chlorite Method. The samples were first submitted to 
soxhlet extraction for 6 hours according to method T 264 om-88. The evaluation of lignocellulosic 
which is lignin and ash content was carried out in different liquids according to common standards 
namely; lignin (T 222 om-06) and ash content (T 21 1 om-07). The cellulose and hemicellulose of 
these samples were determined by using the following respective standard methods; 
Kurshner-Hofker approach and Chlorite Method respectively. All the experiments were done in 
triplicate of the sample. 
Surface Observation. The surface morphology of the cocoa pod husk and corn stalks were 
visualized in a JEOL JSM-6380LA analytical Scanning Electron Microscopy (SEM). The sample 
(one-quarted spatula) was sprinkled on the release paper and patted the release paper with finger into 
double-sided tape of the specimen stub. The samples on the specimen stub was lightly pressed by 
release paper and coated with a thin layer of gold-palladium film before submitting to SEM for 
observing the surface morphology characteristic of the sample. 
Results and Discussion 
Chemical composition of materials. The chemical composition of the Cocoa pod husk and Corn 
stalk studied in this work is summarized in Table 1, which includes the corresponding data from 
previous studies for the sake of comparison. From our results, it appears that Corn stalk contains high 
amounts of cellulose (39%), hemicellulose (42%) and ash (24.9%) content rather than Cocoa pod 
husk. For lignin content, Corn stalk (7.3%) shows the lower amount compared to the Cocoa pod husk 
(14.7%) in this study. The contents in cellulose and hemicelluloses of Cocoa pod husk (35.4% and 37% 
respectively) and Corn stalk (39% and 42% respectively) are acceptable for papermaking applying. 
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,Table 1 also presents the chemical composition for various lignocellulosic agriculture residues 
sources collected fi-om the literature. As it can be seen fi-om table 1, the cellulose amount in the 
Tunisia Alfa stem is higher than those found in Cocoa pod husk, Corn stalk, Canola and Wheat straw. 
AS expected, the cellulose content of Corn stalk (39%) is quite similar to Wheat straw (39.7%). 
Meanwhile, Cocoa pod husk presents the lower amount of cellulose compared to all plants in Table 1. 
Generally, cellulose is an important constituent in the paper industry because of it's provide the 
quality and strength properties of paper production [15]. From Shakhes et al., [4] stated that the high 
amount of cellulose is considered advantageous for paper industry because it has been related to 
higher pulp yield after cooking process. Higher amount of cellulose obtains in Tunisia alfa stem 
shown the amount of pulp yield is expected to be higher than those agriculture residues in Table 1. In 
addition, higher amount of cellulose presents in Tunisia alfa stems indicates good strength of paper 
production. 
Mechanically, hemicellulose contributes little to stifhess and strength of fibres or individual cells 
[14]. From Table 1, it was summarized that the high content of hemicelluloses obtains in Corn stalk 
rather than those all agriculture residues in this table. This indicates the higher amount of 
hemicellulose also provides strength to the paper production. Hence, higher hemicelluloses content in 
agriculture residues is desirable in papermaking. Ash content usually refers to the inorganic content 
of a plant [16]. Generally, the ash content mostly included different metal salts such as carbonates, 
silicates, oxalates and potassium phosphates, magnesium, calcium, iron and manganese as well as 
silicon [4]. The higher amount of ash content is Corn stalk followed by Cocoa pod husk, Canola straw, 
Wheat straw and Tunisia alfa stem. High content of ash contributes to the low pulp yield after pulping 
process and might generate processing problem especially in the pulping process [17]. 
The lignin contents were also at a satisfactory level (<30%) for Cocoa pod husk and Corn stalk. 
Prior to paper making process, lignin must be removed from pulp because it affects the performance 
and decrease of paper quality [15, 181. Lignin content of Corn stalk was lower than that Cocoa pod 
husk, Canola and Wheat straw and Tunisian alfa stem (table 1). Therefore, lower amount of lignin in 
Corn stalk indicated that the higher amount of pulp yield will be produce during the pulping process 
compared to others agriculture residues in Table 1. Generally, the ligning is removed during pulping 
process [4, 191 and provide advantageous for papermaking industry which is needed as least amount 
of chemical during the pulping process and bleaching process [20]. 
Table 1 Chemical composition of Cocoa pod husk and Corn stalk - comparison with other 
lignocellulosic agriculture residues (%, wlw, 0.d. materials) 
Morphological characterization. The surface morphology analysis was carried out by Scanning 
electron microscopy (SEM). Fig. 1 displays the SEM of Cocoa pod husk and Corn stalk observed 
under difference magnification level. The study of surface morphology of fibre was important to 
determine the charged on the surface of these samples due to the untreated fibres. The packed fibre 
arrangement that shows in Figure l(b) presents the stren-$h of corn stalk fibre. Fig. l(a) and (b) 
shows the fibre surface of these samples contain waxes and other encrusting substances such as 
hemicelluloses, pectin and lignin that form a thick layer to protect cellulose inside [14, 161. 
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Fig. 1 SEM image of (a) cocoa pod husk and (b) corn stalk fibres. 
Besides that, Fig. l(a) shows the lamella shaped particles that obtained in this sample. In addition, 
the abundance of lignocellulosic obtained in Cocoa pod husk and it appears in linear arrangements. 
Hence, it enhances the strength properties for paper production [21]. 
Conclusions 
The potential availability and economies of agriculture residues as alternative fibre sources in 
papermaking is important to replace the main sources. Cocoa pod husk and Corn stalk are agriculture 
residues can be used as alternative fibre sources in papermaking due to the content of cellulose and 
hemicellulose are acceptable in papemaking application. In comparison, Corn stalk shows the higher 
amount in cellulose and hemicelluloses rather than Cocoa pod husk. Thus, the pulp yield of Corn stalk 
is higher than Cocoa pod husk after pulping process and it also provides good strength and quality of 
paper production. In addition, a lower content of lignin obtained in Corn stalk also provide a good 
advantage which is generated higher amount of pulp yield and increased the strength of paper 
production rather than Cocoa pod husk. Besides that, it is needed a small quantity of chemicals dying 
pulping and bleaching process. The surface morphology on Cocoa pod husk and Corn stalkhas an 
abundance of lignocellulosic that is improved and this might lead to better interfacial characteristics 
of the fibre in papermaking. In conclusion, Corn stalk fibre is suitable alternative fibre sources in 
papermaking rather Cocoa pod husk. 
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